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THE IMPACT Of AOTORS ON GROSS RERPMENW.

I. Intredustion

On 8 January 1960, the Director of Supply in Headquarters Air Materiel

Co~and (Major General Frank Am Bogart) requested the establishment of a full

time MWS study group 'te review the present Hi-Valu eonsumption item requirements

methods and make reeommendations to me with regard to simplification pessi-

bilities.' On the same date, General Bogart requested the participation of

Hq AMC Operations Analysis personnel in the work of this study group, on a

consultant basis; the Director of Plans and Programs (Brigadier General Donald L.

Hardy) approved the OA participation, and the author of this paper was assigned

to this project.

On 20 January 1960, at a meeting of the study group. Mr. Walter H. Nelson,

Jr., asked me to study the effects of variances in certain elements or Ofaotorso

of the requirements computation. This study was accomplished and was presented

to the members of the study group, and was subsequently included in the

5 March 1960 briefings to General Bogart, along with the full findings of the

study group. Following this, a memorandum from the AN Spares Study Group

requested that my study of factors be published in an operations analysis paper.

It was understood that such a paper would be useful in connection with the

education and orientation of personnel in the field of logistics.



1I. The _tudy

The problem can be stated as follows: Measure the effect on Gross Require-

ments when factors vary from certain specified values or "standards." To keep

the problem small enough to permit early solution, the following assumptions

were to be made&

a. The logistic concept and system are to be as presently prescribed in

regulations and manuals;

b. The gross requirements formula is given;

c. £ specific value will be set as the "standard* for each factor.

The standard factors were set as shown in Figure I below. They are merely

a set of typical factors which an Item Manager might be using in his requirements

computation, and were prescribed in order to permit sample or illustrative

computations to be made*

FIGURE I
1

Program (P) z 10,000 flying hours per month

Lead Time (LT) a 9 months

Repair Cycle (RC) = 3 months

Depot Repair Percent (DRP) x 100%

Stock Level (SL) X li months, 15 days at depot and 30 days at bases

Issue Rate (IR) a .20 per 100 flying hours (or *0020 per FH)

Wearout Rate (W) = .02 per 100 flying hours (orT.0002 per I1)

The 'Variances" of interest were prescribed as shov. in Figure II below.

These variances were to be processed, singly and in combination, to study the

effects that various changes or errors in the factors would have on gross

requirements.
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FIGURE II

P - 12j%, - 25%, - 370%

LT 4-33 1/3%

RC ± 33 1/3%

RP None

81.. N93Le

I± 20%, + 40%

WO ±20%,. 40%

The formula to be used was furnished in verbal fermo as seon ime.diately

below. TO permit manipulation of the factors$ the author translated it inte

the symbolic forms shown in equations 1 and 2.

Gross Requirements .

Program x 12 x wearout rate

plus

Program x lead time x wearout rate

minus

Program x repair cycle x wearout rate

plus

Program x depot repair percent x repair cycle x issue rate

plus

Program x stock level x issue rate

. (P) (12) (wO) + (P) (LT) (wO) - (P) (RC) (wO)

+ (P) (MP) (RC) (IR) + (P) (SL) (m) (Equation 1)

Go P [W,0(2 + LT - RC) + IR(MP xRC + SL9] (Equation 2)
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ben the standard factors are inserted in Equation 2 the results are s shown

in Figure III.

FIGURE III

ORt PE(-0(ia + LT - RtC) + IR0(lP x HOC + SLQj

10o000 oo0002 (12 + 9 - 3) + .0020 (3 + 1.5)]

- (24 + 18-6)+ (60+ 30)

= 36 + 90 . 126

(2%) f (71%) = (10%)

A& a means of crystallizing the effects of factor changes, the'fellwing

definition was then introduceds

Factor Imat = The extent to which a change in a factor is transmitted te

Gross Requirements*

I Z9 caARe &n O (Equation 3)
% change in the Factor

This concept of Factor Impast is essentially equivalent to a sensitivity

analysis, in which we are inquiring about the extent to which the gross

requirement for an item is sensitive to changes in the values of the factors

used in computing that requirement. Once portrayed this way, the analysis

leads directly to the following conclusion: the degree of Impact of a factor

is equal to the original fraction of the Gross Requirement to which that

factor contributed. Thus if some factor (eog., the Issue Rate) had contributed

to 71% of the original requirement, its Impact during a factor change would

be 71%; if this factor changed by +- 30%, the Gross Requirement would change

by (+ 30%) times (+ 71%), or by + 21.3%.



The abeve conclusion in sufficiently general that it obviated the neeA

te make the numerous sample ealculations envisaged in the original statement

of the problem, and in particular made it unneeessary to run eomputations

using the variances cited in Figure II above.

For the standard factors cited in Figure I above, the appropriate Impact

values are directly discernible from Figure III. These are recorded below in

Figure 17.

Program 100%

Wearout Group [WO0(12 + LT - RC] 29%WO aleas 2%

LT ale 34

Issue Rate Group [M(MP x RC + SL)7 71%
IR alone 71%
DRP alone 48
SL aloae 24%

Ce&ea Faster
RO 43%

The following examples may help to interpret the meaning of Figure IV3

a. If P goes up 37%, goes up 37%;

b. If P goes down 2J$, OR goes down 21%;.

a* If Wo goes up 90%. GB goes up 26% (90% times 29%)1

d. If LT goes down 30%, GR goes down 4% (30% tines 14%)

It is worthy of note that all the factors except P affect the Impast

of one another, as followst

a. Those which are combined through multiplication reinforce one

another's Iapact;,



b. Those which are not ambined through multiplication influence

eri another's Impact inversely.

As an example of the above, and by reference to Equation 2, the larger the

Issue Rate the greater the Impact of the atoeck Level, the maller the Impact

of Wearout Rate and Lead Time.

By looking back at Figure III, we can see that the Stook Level had a

fairly strong Impact because it was associated with the Issue Rate. The

Issue Rate in turn had a strong Impaet because it was so much larger than

the earout Rate. If the iteom had had a such higher Wearout Rate, its Issue

Rate and Stek Level would have had sharply reduced Impats. Any inter-

aetions of this kind in which one has a special interest can be fairly

easily interpreted from Figure III if one keeps this basic principle in

minds a percentage ehange n a facter has geat importance or not,

depending on the proportion of the original requirement to which that

fastor contributed.

The Impact values discused up to now all relate to the particular

"standard' or starting values that were assigned by Figure le By

varying these, as is done in Figure V, we can see that the Impacts are

substantially changed. Fer example, LT is relatively unimportant with

Faster Sets I mad II (besause it is asseslated with earout Rato which was

only ene-tenth and one-tweatieth of Issue Rate in those Sets); hewever LT

beeemes eonsiderably more important in Set III (because there its assoeiated

Wearout Rate is one-fifth of the Issue Rate). Note also how RC drops

sharply in impertanee in Set III, primarily because of the dowa-grading

effect of the low Depot Repair Percentage. Figure V suggests that broad

generalizations about the importance of specific factors cannot be made
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abstractly, but must be baaed upon empirical examination of the relative fre-

quenles of eertain faoier relationships in real life. particularly the IR/VO ratio.

FIGURE V

FACTOR D~WAC
% change

% Change $L SET III
in Factor

1.00 pP OP

:80 .

.IR

.60
wo

2M ,SL .IR

.40 .RO ___

we ORC OLT
.AL

.20 tSwoL

OLT
LT ,R

ALTERNATIVE FACTOR VALUES

P Any value Any value Ay value

LT 9 mon 6 nos 12 morn

RC 3 mom 2 son 5a

SL M oe 2 Mon 2 moa

IR .0020/1M .oo02o/ .0010/F

WO .0002/FH .0001/E .0002/7E

MIP 100% 75% 30%
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If the care and the cost which are justifiable in factor development are

properly relatable to the Impact of the respective factors, and sinee tke

Impact of a particular factor cam vary considerably, it would appear that

many data. processing decisions need to be made on a ease-by-ease approach.

For example, if members of a Hi-Valu Review Board are having some diffieulty

in determining the correct value of some factor, for a particular line item,

they should compromise expeditiously if the Impact is low, but go to con-

siderable lengths to get the best value of the factor if its Impact is high.

Effeets Ataer Procuremet

Up to this point, we have discussed factor Impacts from a pre-prourement

perspective. For consideration of factor relationships after procurement

aetions, we need merely take Figure III and replace Gross Requirements (WE)

by Stocks on Hand, then view the latter as a fixed quantity. It then

becomes possible to study how an increase or decrease in one factor leads

to forced decreases or increases respectively in some others. A few examples

follow.

Let us assume that wearouts, after the buy, run at .0004 per flying hour

in lieu of the anticipated .0002. After six months, 12 units more than

expected will have worn out (10,000 z 6 x .0004 vs. 10,000 x 6 x .0002);

since the depot stock objective is one-third of the total stock level

(namely, one-third of the 30 units in Figure III), this variance in wearout

could eliminate our depot stock level.

Take a different possibility, namely, repair oyolo running at 4k months

instead of the planned 3 months, due to slow contrast repair and/or misrouted
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shipments. Instead of tying up the 60 units shown in Figure III, this slower

repair will tie up 90 units and sause all serviceable stock levels to disappear.

As a third example, consider an issue rate which has increased a mere I5%

from the specified .0020 per PH to .0023. A 3-month repair cycle will then

hold 69 units instead of the 60 shown in Figure 1II, so the 30 units originally

planned for base and depot servieeable stock levels will have to yield 9 units

to the repair cycle. Thea if the bases raise their stock level from 20 to 23

they will be slightly short (21 Instead of 23) and the depot will be out of

stock.

Now consider a final example, where the worldwide issue rate remains at

an average of 90020 per PH, but half the bases temporarily experience a rise

in the rate to .0035 and the other half experience only .0005 issues per PH.

On the assumption that bases are probably quicker in reacting to increases in

demand than they are in reacting to decreases, half the bases will raise their

steck levels from a total of 10 to 18, the other half will not lower their

stock levels, and depot stocks will almost disappear. This example is con-

sidered to be particularly enlightening where Hi-Valu items are concerned,

since A14C depends heavily on user cozmand requests in setting the Hi-Valu

base stock levels - the audit or eontrol of such requests is almost impossible

because pre-issue methodology leaves AMC without adequate knowledge of

logistic experiences at base level.

The last example also illustrates fairly realistically how random

variations in demand could cause A24C to react by deciding that more procuremeat

is needed - when in truth we may be experiencing maladjustments of stook

distribution whieh should be corrected by stronger control of base stock levels

and by short term expediting (e.g., project HOT SHOT).
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Broadenin the Proble

The problem discussed above could be broadened further through consid-

eration of the following:

a. War readiness materiel requirements and requirements for special

projects lessen the Impaet of all the faetors discussed aboveo

b. The inherent variability or "random" behavior of any factor lessens

our ability to measure it aceuratel y - even if we had a eonstant environmext

with failure rates, programs, etc., all holding firm. In the discumsle

above we tacitly assumed that all the factors were accurately measured.

When we consider how sensitive the system is to factor Impacts a*fter

the buy,* it is easy to see that difficulty in measuring the factors ean

lead to poor decisions abeut the corrective measures needed.

s. Changes in the enviroiment (program changes, ECPs, new policies,

revised objectives, etc.) severely reduce our measurement capabilities.

d. Irrers in the data system compound the problem.

so The fastor Impact on Gross Requirements is small compared to the

Impact on Net Requirements.

Paragraph a above is rather self evident. Paragraphs b through e are

briefly illustrated in Figure VI below, wherein the 'errors' are the result

of a misalculation of som factor. It is seen that these errors have much

greater Impast en the net requirement than on the gross requirement, with

a relationship as followas.

IN a (IG) (TrUe Gross ReQuirement
(True Not Requirement
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4%

GROSS NET REW (M

200% * COMUTED I

150 . ca~oU'iD ca 150%

OO . T= G 100% . TRUE M

50% 50%

TRUE aOSS - 300 UNITS TRUE ART - 150 UNITS

CMPUTED (Hi(SS - 450 UNIS COMUMD ICT - 300 UNITS8

, + 50% M + 100%

The errors shown in Figure VI can readily be compounded further if there

is erroneous SB&OR information on assets available in the system. Thus, if

we thought we had only 100 assets whoa we really had 150. we would have a

somputed Net Requirement of 350, an error of + 133%.

"Toe Much ,Acu..ay '

Since this report is related to a project on data simplification, it is

well to point out that too little accuracy in data is not our only data

problem; there is also a possibility of striving for "too musc accuracy. In

our data reporting and data processing systems there are undoubtedly situations

where "accuracy' to many decimal places is carefully (and expensively) preserved

for certain data elements beyond the level that is reasonable when we consider

the overall accuracy of the system. It might be useful to keep in mind that
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requireaeats calculatiens are beset by so many uncertainties that accuracy

within 1% is as extremely ambitious goal. Consequently, where increases

in data accuracy require increases in expense, only rarely would accuracy

beyond the first two or three sigaifieant places be justified. For

example, this means that a legistie factor or rate measured as .023500 is

to be preferred to that element measured as .023478 if it is meore eostly

to piesesm the latter way.

This does not mean that free information should be deliberately tkrowa

away - for example, it does act mean that data obtained by an inventory

process should be automatically rounded to two significant figures. It does

mea, however, that expensive procedures should be avoided if they do net

improve the aceuracy of the first two significant figures of our final results.

Imnasta on Flexibilltz

Lest this paper be interpreted as a complete method of evaluating the

relative importanee of the factors diseussed, it is well to note that our

factors influence other things besides grose requirements. They have

important effects insofar as flexibility and responsiveness are coneerned.

Thus, if procurement lead times are low for an item on which shortages are

developing, we have more opportunity to find other answers to our problems

rather than a, new buys perhaps am e igineering improvement; perhaps a longer

wait to see whether recent increases in demand were basic or mere random

fluctuations; perhaps a& opportunity to work with using eoan=d on faster

ship et of reparablee to depots, and so forthe

As another illustration, let us take an adverse effect, for example,

one in which stock level is cut so low that we have high probabilities of

12



stoekouts. The low atoek level may have small Upaet on groa requiremena

but very large impact inAeed on the overall efficiency and readiness of tke

combat mission. Full evaluation of factor importance obviously requires

a study conAiderably more extensive than this one.
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